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EDITORIALS. 


The Presidential Address.—President Raymond’s address, 
delivered before the Society at Boston, sums up the results of 
his constructively critical study of the problems before the 
Society at this time. He feels that it is time for still more 
definite action than has resulted from the deliberations of the 
past twenty years. He deplores the attitude, taken by many, 
which seems to imply that, after all, the good-fellowship of 
the Society is the greatest benefit conferred on its members. 
The standing of the Society in the educational world is very 
high and its influence in its sphere is powerful. Definite 
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recommendations made by it or by its authorized committees 
will have increasing weight, but the recommendations must 
be specific, not general. Dean Raymond calls attention to 
several conspicuous needs in technical education. First is 
the necessity for a better attitude of the teacher toward his 
work; second is the desirability of standardization of engi- 
neering degrees; and third is the demand for agreement as 
to the essential content of an engineering course. These sug- 
gestions will commend themselves to the new officers and 
Council and will undoubtedly bear fruit during the coming 
year. 

The Educational Session of the American Road Congress. 
—Members of the Society who attended the New York meet- 
ing of 1909 will remember the address of Mr. L. W. Page, 
Director of the United States Bureau of Roads. At that 
time Mr. Page was particularly interested in education of 
highway engineers and his paper aroused interesting dis- 
cussion. At Pittsburgh Professor Blanchard continued the 
subject and explained the comprehensive scale on which con- 
servative Columbia was going into the teaching of highway 
engineering. Last month a great gathering of highway en- 
gineers was held in Atlantic City with Mr. Page in active 
charge. This was the American Road Congress. Mr. Page 
extended an invitation to the Society to undertake the hold- 
ing of an educational session in connection with the Con- 
gress. Unfortunately the Congress was planned for a most 
inconvenient season for teachers, just as their fall work was 
getting under way. However, the opportunity was a good 
one for showing the interest of the Society in connecting 
theory with practice and, in spite of the expectation of a 
small attendance, a program was arranged and the session 
was held under the chairmanship of Professor McKibben. 
In this issue he tells of the session briefly and in future issues 
of the BULLETIN the text of the papers will be presented. The 
matter is of no ordinary significance for, if the Society is to 
participate as such in the gatherings of other organizations, 
a new and wide field of usefulness opens up before it. If it 
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is desirable, there would probably be no difficulty in forming 
working agreements with the leading technical societies for 
co-operation in the educational features of their work. 
The Fundamentals of Education.—Last year Professor F. 
W. Springer published in the Minnesota Alumni Weekly a 
series of articles under the title ‘‘ Phases of Life and Edu- 
eation.’’ The articles were based upon a long study of the 
principles underlying successful teaching and they struck 
for the root of the matter. He was requested to recast 
these articles for the BULLETIN and, after consenting to do so, 
continued the studies, incorporating the results of observa- 
tions made during a leave of absence spent abroad. His 
study resulted in the formulation of a general scheme of 
education. In this issue the first installment of the material 
is presented, as much as space will permit, and it is hoped that 
the readers of the article will give it careful consideration 
and communicate their suggestions for publication. The 
series will be completed in early numbers of the BULLETIN. 
The Efficiency Papers.—It is to be regretted that it will 
be impracticable to publish all of the efficiency papers in pre- 
liminary form in the BuLLeTIN. There is a demand for the 
prompt publication of the entire series of remarkable papers 
and this demand will be met by the issuing of a volume con- 
taining these papers before the publication of the remainder 
of the proceedings of the Boston meeting. The earlier But- 
LETINS of the present college year have contained a number 
of the papers. In this issue there are two more. In Pro- 
fessor Rautenstrauch’s is taken up the details of instruction 
in scientific management. He shows how these principles 
are taught in a number of courses at Columbia and how the 
effort is made to diffuse through all mechanical engineering 
instruction the fundamentals of engineering efficiency. Mr. 
Lewis, a practical scientific manager, urges systematic con- 
servation of the data of scientific management. It is ob- 
viously desirable that somehow and somewhere all of the 
results of expensive time studies should be preserved and 
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made available. If the benefits of the work are to be cumu- 
lative the data must be accumulated. The practical question 
is, How is it to be done? 


APPLICANTS FOR ADMISSION. 


CRANDELL, JOHN §., Instructor in Civil Engineering, The Pennsyl- 
vania State College, State College, Pa. .........-eeeeeeeees 1912 
E.uioTt, B. G., Fellow in Mechanical Engineering, University of 
Wisconsin, Madison, Wis. .......cccccccccccccccccsccsecess 1912 
GREENOUGH, Maurice B., Instructor in Mechanical Engineering, 
Rhode Island State College, Kingston, R, I. ..............-. 1912 
JENKINS, D. R., Assistant Professor in Electrical Engineering, 
University of Colorado, Boulder, Colo. ............2eeeeees 1912 
Keiser, S. S., Professor of Mathematics, Head of Mathematics 
Dept., Carnegie Institute of Technology, Pittsburgh, Pa. ..... 1912 
Lorine, F. C., Instructor in Electrical Engineering, University of 
ce a er ee re eee 1912 
SmiTH, Guy W., Instructor in Engineering Mathematics, University 
Se Tee, NN, CML, ooo pov ic od palbnce ons odeuresew sais 1912 


LETTERS TO THE EDITOR. 


SECRETARY OF THE §. P. E. E., 


Dear Professor Norris; In reply to your inquiry concerning 
my plans for the present year’s leave I would say that I will 
spend the next two or three months largely in visiting various 
colleges for the purpose of making a study of the organization 
of each, and, along certain lines, of the methods of instruction 
and any other points which will apparently help us to 
strengthen our organization and work. Later in the year I 
hope to get some engineering practice, but will give as much 
time to the college work as seems desirable. 

Mr. Julius Adler, our instructor in highway engineering, 
is also away for the year. He is working with the Bureau of 
Highways in Philadelphia. 

I am not sure that the BULLETIN has noted that Professors 
Magnusson and More, of the University of Washington (both 
members of the S. P. E. E.) were on leave last year. Pro- 
fessor Magnusson was with the General Electric Co. at Sche- 
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nectady and Professor More on reinforced concrete design 
with the Turner Construction Co. in New York. 

A very satisfactory program was arranged for the S. P. 
E. E. section of the American Road Congress, and I think 
it was well that the Society was represented. 

Very truly, 
ALMON H. FULLER. 


SECRETARY OF THE §. P. E. E., 

Dear Sir: I have just received your BULLETIN volume II, 
numbers 2 and 7 which complete this volume for binding. I 
wish to thank you for this favor. I am very anxious to secure 
numbers 1, 2, and 3 of volume I. If you could get these by 
advertising in the BuLLETIN I would be willing to pay for 
them. 


Very truly yours, 
Henry O. SEVERANCE. 


Office of the Librarian, 
Univ. of Missouri, 
Columbia, Missouri. 


The Editor wishes to call the attention of the members to the fact that 
Volume I of the Bulletin is now out of print and that the edition of 
Volume II will soon be exhausted. It would be well for all to make sure 
that their files are complete as these early volumes will become of increas- 
ing value. The Title Page and Index to Volume II, now ready for dis- 
tribution, should be in the hands of all, whether or not they intend to 
bind the numbers immediately. 


SECRETARY OF THE §, P. E. E., 

Dear Sir: I am writing to ask if you know of any informa- 
tion which I might obtain on the teaching of a course in 
‘‘Foundations’’? Would it be possible to start a general 
discussion in the Society in regard to this matter? It seems 
to me such would be profitable, as too little attention is 
being given now to such an important subject and it is truly 
remarkable to observe how few engineering schools have good 
courses in ‘‘Foundations.’’ I realize that it is not a subject 
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for a text book and that it is a really difficult subject to teach 
well; but nevertheless it is imperative that the subject be 
taught and there must be some most effective method of 
treating the subject. 
Yours very truly, 
I. F. Morrison. 
University of Alberta, 
October 7, 1912. 


Secretary, S. P. E. E., 
Dear Sir: Can you tell me the names of some technical 
schools that do not require a thesis for the bachelor’s degree? 
Very truly yours, 
TuFTs COLLEGE, MASS. CHARLES H. CHASE. 
Not having this information at hand the Editor would request mem- 
bers to give Prof. Chase the benefit of their knowledge on this subject. 


PERSONAL NOTES. 


Professor D. D. Ewing, of Ohio Northern University, is 
spending a year’s leave of absence at Purdue. His address 
for the present college year will be 303 Russel St., W. 
Lafayette, Ind. 

Mr. R. M. Black, formerly instructor in civil engineering and 
mechanics at the State University of Iowa, is now assistant 
professor of coal mining at the University of Pittsburgh, 
Pittsburgh, Pa. 

Dean F. E. Turneaure, of the College of Mechanics and 
Engineering, University of Wisconsin, has been traveling 
through Europe since the middle of July with Mrs. Turneaure 
and son. Dean Turneaure is making a special investigation in 
his line of work, structural engineering. He will return in 
February for the opening of the second semester. 

Professor R. H. Fernald has been appointed Whitney pro- 
fessor of dynamical engineering at the University of Pennsyl- 
vania, Philadelphia, Pa., to succeed the late Prof. H. W. 
Spangler. Professor Fernald was formerly Professor of Me- 
chanical Engineering at the Case School of Applied Science, 
Cleveland, O. 
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Professor O. J. Ferguson, of Union College, has been ap- 
pointed head professor of electrical engineering at the Uni- 
versity of Nebraska, Lincoln, Nebr. 

Mr. C. F. Chase, formerly assistant in farm mechanics, 
Kansas State Agricultural College, has been appointed assist- 
ant professor of agricultural engineering at the North Dakota 
Agricultural College. . 

Mr. Charles Jablow, formerly assistant in mechanical draw- 
ing and machine design at Kansas State Agricultural College, 
is now assistant professor of mechanical engineering, Okla- 
homa Agricultural and Mechanical College, Stillwater, Okla. 

Professor J. R. Benton, dean of the College of Engineering, 
University of Florida, has returned to his duties at the Uni- 
versity after a year’s leave of absence. 

Dean A. H. Fuller, of the College of Engineering, Univer- 
sity of Washington, is on leave for the year and his head- 
quarters will be 65 Park Ave., New York City. 

While Professor E. J. McCaustland of the University of 


Washington was making water-power investigations on the 
Deschutes River in Oregon, the boat was overturned in the 
rapids. His two companions, although experienced river- 
men, were unable to reach shore on account of cross currents 
but Prof. MeCaustland was rescued from a rock in mid- 
stream having been carried a mile below the scene of the 
accident. 


PUBLICATIONS RECEIVED. 


Bulletin No. 1, of the department of industrial research, University of 
Pittsburgh. ‘‘Outlines of Smoke Investigation.’’ The Bulletin outlines 
the exhaustive researches that are being carried on in connection with a 
study of the so-called ‘‘smoke nuisance.’’ The investigation is in the 
hands of a large corps of men, some of them devoting their entire time 
to the work. The research is being done under a number of special heads 
such as: ‘*Smoke and the Weather;’’ ‘‘How is Vegetation Affected by 
Smoke; ’’ ‘‘ Deterioration of Buildings and Building Materials; ’’ ‘‘ Smoke 
and Disease;’’ ‘‘ What the Smoke Nuisance Costs;’’ ‘‘ The Education of 
the Public,’’ ete. When completed the investigation should point out 
not only the nature, extent and precise causes of the smoke nuisance, but 
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also the remedies that would make its abolition possible and practicable. 

Pamphlet of the Princeton Engineering Association. The Associa- 
tion was organized in April of this year among the alumni of Princeton 
to advance the interests, influence and efficiency of the Engineering De- 
partment of the University, as well as to promote acquaintance among 
the engineering alumni, A full page of the pamphlet is devoted to a 
letter addressed by the secretary to the president and executive com- 
mittee in regard to the Boston meeting of the S. P. E. E. Mr. C. H. 
Higgins, the secretary, was a delegate at the meeting and speaks most 
enthusiastically of the society and of the work it is doing. 

Bulletin No. 249, Parts I and II, of the U. S. Department of Agricul- 
ture, entitled ‘‘Timber Dams and Rock-fill Dams,’’ by Samuel Fortier 
and F. L. Bixby. Professor Bixby spent the summer of 1908 in gather- 
ing data on the construction of reservoirs and dams used for irrigation 
purposes, which is published in the BULLETIN. Copies may be obtained 
by applying to the Director of the Office of Experimental Stations, 
Washington, D. C. 

Applied Mechanics, first half, by Prof. Calvin M. Woodward. The first 
half of Prof. Woodward’s book in pamphlet form will be followed in 
January, 1913, by the publication of the complete work, to contain about 
400 pages and between 400 and 500 cuts. To all who are acquainted 
with the author, nothing more need be said of the book than that it is 
characteristic of his peculiarly clear class-room style of exposition and 
analysis. The book is being published by Nixon-Jones Printing Com- 
pany, 215 Pine Street, St. Louis, Mo. 





AMERICAN ROAD CONGRESS.* 


BY FRANK P. McKIBBEN, 
Professor of Civil Engineering, Lehigh University, So. Bethlehem, Pa. 


When the official circular of information regarding Ameri- 
ean Road Congress was issued in September it carried the an- 
nouncement that the Society for the Promotion of Engineer- 
ing Education would hold a special session at the Congress to 
consider the subject of highway engineering instruction in 
educational institutions. President Magruder asked the writer 
to act as chairman of the meeting and to represent the society. 
The meeting was held as planned on Young’s Pier, Atlantic 
City, on the afternoon of October 3, with an attendance of 
about 150 persons of whom between 15 and 20 were members 
of the S. P. E. E. 

Notwithstanding the short time at their disposal, the follow- 
ing members of the society prepared and read papers which 
were listened to with the greatest interest, especially by high- 
way commissioners and other state officials who were present 
at the meeting. 

‘‘Highway Engineering Education,’’ Professor Arthur H. 
Blanchard, of Columbia University, New York City. 

‘*Essential Requisites in the Making of a Highway Engi- 
neer,’’ Stuart A. Stephenson, Jr., instructor in civil engineer- 
ing, Rutgers College, New Brunswick, N. J. 

‘“‘What Should Constitute a Course in Highway Engineer- 
ing,’’ Professor E. B. McCormick, professor of experimental 
engineering, Kansas State Agricultural College, Manhattan, 
Kansas. 

‘‘Highway Engineering in a General Course in Civil Engi- 
neering,’’ Professor Hugh Miller, professor of civil engineer- 
ing, Clarkson School of Technology, Potsdam, N. Y. 

* A report of the sectional meeting of the S. P. E. E., held in connection 
with the American Road Congress at Atlantic City, October 3, 1912. 

135 





136 AMERICAN ROAD CONGRESS. 


The dominant idea expressed in all of the papers was that 
highway engineering instruction should be a part of the gen- 
eral curriculum in civil engineering and should not be taught 
as a separate course in highway engineering. The special sub- 
jects pertaining to highway engineering can either be required 
of all students taking civil engineering or can be given as 
options in the junior or senior years. The authors of the 
papers were in accord in their belief that most courses in civil 
engineering should be slightly modified to give more instruc- 
tion regarding the location, construction and maintenance of 
highways. Professor Blanchard outlined the university ex- 
tension work and the graduate work being done at Columbia 
University. 

Although the four papers were presented and no time was 
allowed by the official program for discussion of them, yet 
they aroused a great deal of interest among the representa- 
tives of colleges who were present, and many of the members 
expressed a desire to discuss the subject. This brings up the 
important question whether it would not be better to have 
fewer papers at our meetings and allow more time for discus- 
sion. The writer’s experience at the recent Boston meeting 
as well as at the Road Congress points strongly to the desira- 
bility of having only one or two papers at a meeting and allow- 
ing ample time for discussion. In view of the importance 
of the good roads movement and the increased attention paid 
to highway instruction in our technical schools and colleges, 
it seems rather desirable to have a symposium on the subject 
of highway engineering instruction at the next annual meeting 
of the Society for the Promotion of Engineering Education. 





FUNDAMENTALS OF EDUCATION AND THE 
SPHERICAL-WANT SYSTEM.* 


BY F. W. SPRINGER. 


Professor of Electrical Engineering, University of Minnesota. 


I. 


Introduction. 


Anyone who reviews college preparatory work through the 
various steps in the preliminary training in the high school, 
grades and home will seek in vain for the general and con- 
sistent application of really fundamental principles of edu- 
cation. If this statement seems to be too strong, it is suggested 
that a comparison be made of the opinions of a large number 
of teachers in regard to their guiding principles in teaching. 


Inasmuch as education is intended to fit the young for right 
living in a particular environment, it is evident that changes 
must be made in any educational system as the conditions of 
life change. Nevertheless, there must be certain principles of 
education upon which all correct systems of training depend 
and which do not change. Science is changing the conditions 
of life at the present time at a rate never before equalled. The 
result is great complication, coupled with great demands upon 
our schools. It is thus becoming of increasing importance 
that the extremely complex school courses of the future, which 
shall prepare boys respectively for a great variety of intensely 
specialized activities and at the same time give them a broad 
outlook upon the community life, shall be based upon well 
understood and fixed rules. 

At the present time every educator, and especially every 
engineering teacher, feels the pressure of the public in its 

* Part of the material in this paper appeared in a series of articles 


published in the Alumni Weekly of the University of Minnesota, during 
the college year 1911-12. 
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demands for better trained graduates. But most teachers are 
so busy ‘‘ earning a living,’’ so narrowed by the specialization 
now a part of our system, so carried along by the inertia of 
their habits, and so constrained by public prejudice, that the 
net result in educational reform to date has been the intro- 
duction of many new forms of subject matter and fads. Many 
of these new subjects will prove useless. Some will give good 
results and will therefore crowd out the obsolete courses. 
This is reform, but only at the top. It merely levels off the 
superficial irregularities. Very little use is made at present of 
the powerful educational forces of the playground, the street 
and the community life in general. 

Nothing is fixed in nature or life except the laws of nature. 
Owing to the fact that these laws operate under varying con- 
ditions, 7. ¢., in a constantly changing environment, the prob- 
lem of how to live, as well as how to prepare or to educate the 
young for living, will always be a continuous problem. It 
would seem, then, that the correct method to adopt would be 
to study those fixed laws of nature which apply most particu- 
larly in education, and then to direct the application of these 
laws of nature to the training of the young, according to the 
best interpretations of the object of life. 

In laying the foundations of an educational system we 
should consider the following three groups of subjects, namely : 

1, Laws of nature, principally in connection with ‘‘ Hered- 
ity, Environment and Habit.’’ 

2. Object of life, which includes religion, moral codes, ethics 
and survival of the fit. 

3. Phases of life and the modern trend of civilization, in- 
volving racial, geographical, political, and social factors. 

No phase of life can be entirely neglected in working out 
the details of an educational system. Hence, whatever system 
is agreed upon by educators and the public in general will 
require years of work by far-seeing experts to put the system 
into service. For this reason no effort will be made in this 
paper to present the details of a ‘‘spherical-want’’ course in 
electrical engineering, or any other branch of college work, 
still less a course for grade schools or kindergartens. 
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The present work is confined to a search for those funda- 
mentals of education which will stand the test of time. The 
writer believes that the system named in the title of this paper 
is based upon fixed laws and is consistent with the conditions 
of modern life and with modern tendencies. A brief digest 
of the system will be given presently for the convenience of 
the reader, and then the various considerations which led up 
to it will be discussed as indicated in the grouping of subjects 
above. The writer began this work about 1905, after having 
already taught for a number of years, with the intention of 
finding, or at least trying to find, the keynote of electrical 
engineering education. New discoveries and their theories 
and applications were coming so fast that it was becoming 
impossible to continue adding them to the college courses much 
longer in order to keep up with the development of the science 
of electrical engineering. 

College courses in electrical engineering, or any other branch 
of college work, cannot be indefinitely lengthened to care for 
new things to be taught, because, for one reason, the normal 
age for marrying cannot be too much encroached upon without 
disaster. To put it another way,—young men should be able 
to earn a suitable salary when they reach a marriageable age. 
It seemed, then, that some subjects, or better, some parts of 
many college subjects, would have to be pushed down into the 
high school and grades as soon as these lines of work came 
into the spheres of common knowledge, use and observation of 
the public in general and of the young people in particular. 

As every college teacher knows, that which can be done in 
college depends very largely upon the ideals, ideas, habits, 
kind of subjects studied, traditions, health, etce., which result 
from the high school and grade school courses, as well as upon 
those characteristics influenced by the environment outside 
the school. The two limits thus imposed upon the college 
teacher are first, the preparation, including all factors, of the 
student up to eighteen years of age; and second, the demands 
of life after twenty-two years of age. If the above limits are 
considered together with heredity, it is seen that college is 
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surely not the largest factor in preparing boys and girls for 
their life work, and that no college educator can be indifferent 
to the preliminary training of the young. 

Inasmuch as no one can predict the future careers of chil- 
dren, college teachers should not hesitate to consider all phases 
of the grade schools. Hence, grade school as well as high 
school courses were studied in order to find out whether some 
of the subject matter taught higher up could be learned lower 
down, even in the grades. The conclusions are startling, 
because they were contrary to the ‘‘ plan’’ upon which the 
various present courses of study are made. At present a boy 
would be considered a sort of information burglar, or at least 
a freak, if he were to set out deliberately to learn about a 
subject given a few years beyond him in the schools. This is 
not quite true in the case of modern languages taught in high 
schools and colleges, because everybody knows that the average 
person begins learning at least one language in infancy and 
that while one may learn more about a foreign language at 
twenty, he can learn the language itself better at ten or 
younger, and at a higher efficiency. In general, children are 
now compelled to march through the intellectual or cultural 
paths, leading, very often, directly away from the real infor- 
mation the children want to use. 

The problem of education is largely a question of how to 
direct and stimulate proper wants in the individual student 
and how to arrange the conditions of his environment in order 
that the student may satisfy his proper wants by his own will, 
efforts and activities. 

We may then define education as the directing of the forces 
of nature in and about the individual in order to habituate 
him in exercising his will and mental and physical strength in 
the interest of his race and in his own interest. The most 
important factor lies in providing the proper environment. 
Engineering education is the process of specially training the 
individual to act in codperation with others in order to effi- 
ciently apply the sources of power in nature for the comfort, 
convenience and welfare of man. A good education should 
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develop the ability to satisfy all of nature’s demands and those 
artificial tastes of civilization which are justified by the com- 
mon welfare of the race, without taking privileges from others. 
Or, an education should be a training which will (1) stimu- 
late a student to think, to think straight, and to think about 
useful things; (2) enable a student to acquire a working 
knowledge of fundamental principles; (3) assist him to select 
that field of work in which he can be most useful; (4) give 
him the maximum capacity of which he is capable, for doing 
and enjoying useful things. When one considers what a small 
part of the mature life is free for pure pleasure, it becomes 
evident that it is highly important that the individual should 
enjoy his work and responsibilities. For the latter reason, as 
well as others, we must consider the individual student’s 
wants (desires, needs, necessities). 


II. 
Outline of the Spherical-Want System. 


Each of us moves about in space. All efforts may be 
directed along lines extending outward in every possible direc- 
tion from the individual as the center. It is thus consistent 
to speak of the space in which each individual moves and lives 
as his sphere of activity. Also, we may think of this sphere 
of activity as being more nearly spherical in one case than in 
that of some other person. Similarly, one observes things 
which lie not only in one’s sphere of activity but also in the 
space far beyond, for example, the stars. This is the sphere 
of observation, which, while having the same center so far as 
one’s physical activity is concerned, has a vastly greater 
radius. So far as mental activity is concerned, one’s sphere 
of activity and sphere of observation may be considered to be 
geometrically one sphere. These spheres constitute one’s 
environment. No one can escape from his particular spheres or 
from the environmental pressure which he feels from all direc- 
tions. He may, however, increase the diameter of his spheres 
by education. Each individual receives through his senses of 





142 THE SPHERICAL—-WANT SYSTEM. 


seeing, hearing, feeling, etc., stimuli in his own sphere which, 
when combined with the internal or body stimuli, result in 
wants. These are followed by the more or less vigorous action 
of the will or determination to satisfy these wants, finally 
resulting in some form of more or less intelligently directed 
action. Mental or physical actions, if repeated a sufficient 
number of times, result in mental and physical habits, or 
knowledge and skill. Inasmuch as one’s knowledge is con- 
nected or associated with things in different parts of our 
respective spheres, we may properly speak of one’s sphere of 
knowledge. The educational sequence is, then, sphere of 
observation, sphere of ideas, sphere of activity, and finally, 
sphere of knowledge. 

The ability to think or to reason, in other words, the ability 
to intelligently and effectively direct one’s mental and phys- 
ical activities, comes from practice and from the considera- 
tion of the results of one’s activity in satisfying wants. The 
reason makes use of past experience, whether of success or 
failure, pleasant or painful, in connection with wants and the 
environmental conditions in determining future action. An 
intelligent person may anticipate future wants, and, in addi- 
tion, foresee the difficulties to be overcome in satisfying them. 
He makes these deductions in terms of past experience. Fore- 
seeing or far-sightedness may become a habit. <A habit of an 
early generation may become instinctive in a later one. After 
one has had sufficient experience and developed far-sighted- 
ness, or foresight, he may profit by the experience of others 
by merely imagining such experience for himself. The effect 
or teaching power of imaginary experience is, however, very 
much weaker than that of real experience, and is worth nearly 
nothing to one who has been stuffed with ideas all his life 
without the opportunity of applying them for himself. It 
should be clear from the above that each pupil should have the 
opportunity to use his own will and intelligence in satisfying 
his wants, because the only knowledge that really becomes his 
own is acquired in this way. 

This system thus proposes to treat real knowledge, begin- 
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ning at infancy, as an enlarging homogeneous sphere made 
up of habits of thought and action, or of knowledge. Further, 
it is assumed that the wants (necessities, needs and desires) 
of the individual are the prime motives or incentives to those 
mental and physical activities which result in repeated 
thoughts, thought associations and actions, and hence habits. 
Hence the name Spherical-Want System. 

We must distinguish between spheres of ideas and spheres 
of knowledge. An idea is the first step towards knowledge, 
and must be applied, often many times, to become knowledge 
or skill. We may think of our ‘‘spheres’’ as having varied 
shapes, size, and to be of different qualities or of different 
materials. A specialist might have a sphere of knowledge 
shaped like a turnip with a sharp point on one side. 

The Spherical-Want System thus proposes to keep the 
young in a consistently expanding sphere or environment, the 
early stages being miniatures of the later ones, and to obtain 
high driving power in activities, such as in study, by using the 
wants of the pupil and subjecting him at all times to a rigid 
discipline which is consistent with the limits set by nature, 
society and the State. The details of the system will be devel- 
oped further in the succeeding sections of this paper. Suffice 
to say, for the present, the proposed system is revolutionary 
from the standpoint of our present school system, taken as 
a whole, in that it is proposed to develop spheres of useful 
knowledge instead of spheres of school ideas. In other words, 
we should arrive at culture through vocations or activity, 
instead of the reverse. This requires a reversal of attitude on 
the part of both teacher and pupil. 

Teachers should be stimulators, advisers, guides and leaders 
in schools which are a non-segregated part of the pupils’ 
spheres of activity, instead of pullers, pushers, and idea- 
stuffers. Teachers can present ideas which may stimulate the 
pupil to action and knowledge, but they cannot give the 
student knowledge directly. Teachers merely provide parts 
of the spheres of observation and activity and some of the 
limits to action. The pupils must overcome their own ob- 
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stacles and acquire their own strength. This system is in 
application in babyhood and in mature life, and it is the only 
system of teaching used by the lower animals in bringing up 
their young. The whole thing resolves itself into the proposi- 
tion to adapt nature’s methods to the education of the modern 
boy and girl. 

III. 


Illustrations. 


The following illustrations are intended to substantiate the 
above statements, and it is believed they will carry more con- 
viction than an academic argument. 

They are intended to bring out the importance of wants in 
developing the will, in inducing effective action and in the 
formation of those habits which stamp the individual as effi- 
cient or educated. The reader can, no doubt, add many 
illustrations of lost opportunities of using wants from his 
own childhood and observation. 

The comparative actions of wants or internal pressure in 
affecting the training of the young are not easily observed in 
the case of boys, because it takes at least twenty-one years for 
a boy to be in the same relative position in life that a young 
robin reaches in one summer, and then in addition we have to 
wait till long after twenty-one years to see how high the boy 
can fly and how good he is at providing for his young. 


Birds and Men. 


All the essentially fundamental principles of natural educa- 
tion can be seen in the bringing up and education of a young 
robin. The training of the young bird begins with the first 
worm that the parent robin pokes down its throat, because, 
like the succeeding ones, the worm tends to satisfy a want. 
The young robin’s stomach goes for the worms as unslacked 
lime does for water. The young bird soon learns to swallow 
and to reach with gaping mouth whenever he hears a noise, 
then, to distinguish between general noises and the flutter of 
the old birds, and all because of hunger. His sphere of action 
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is the nest and his sphere of observation extends a little be- 
yond the nest. The old birds teach the young fear, by a dis- 
agreeable squawking over them at the approach of danger. 
Without fear a robin could not long survive. 

While still too young to leave the nest, the young birds 
scramble for the worms which are judiciously distributed 
among them. This is competition and the result is that very 
necessary quality called selfishness, without which no indi- 
vidual or race could survive. But the bird with the biggest 
mouth, longest neck and quickest grab doesn’t get all the 
worms. The old birds are the law, and stand for a square 
deal. 

Later on the young birds are encouraged or forced if neces- 
sary to attempt the first flight to the ground, which is about as 
successful as a baby’s first walk. The old bird, with his 
trained ear and eye, finds a worm nearby and pulls it partly 
out. The young one finishes it and by successive steps learns 
also to pick and finally to seek worms for himself when the 
parents refuse to do so for him. He thus becomes self-sup- 
porting because he is hungry and has wants. When it is 
cold and wet, the discomfort causes him to seek shelter. 

He becomes strong and flies farther. He is an adept at 
finding worms. Sparrows steal many that he pulls before he 
can swallow them. Finally, because he wants food, he learns 
to outwit the sparrows. If he has those qualities which entitle 
him to live he avoids the cats, and with good luck he escapes 
curious boys. Still later, prompted by those instincts which 
all his kind, who have survived, possess, he seeks a mate. His 
sphere of action is very large. 

If the robin is sufficiently wise by heredity and training 
and habit, he avoids the pitfalls. If not, he dies. Accidents 
kill some of his kind who are fit to live but the great laws of 
averages and probability leave the clever and adaptable to 
enjoy life as desire or chance wills to them. If he is over- 
daring and goes North too soon in the spring he is frozen or 
starved. Thus, only the birds that are adapted to meet the 
demands of a robin’s life live to perpetuate their race. 
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A moment’s thought will show that the parent birds have 
educated their young by directing the natural forces or in- 
stincts, or wants in the young in a continuously expanding 
natural sphere of action. Then experience and the laws of 
survival do the rest. 

The story of the life of a robin is not fundamentally very 
different from our own. His kind has not, as the human race, 
the power of handing over to its young the accumulated 
knowledge and experience of ages, except as these appear as 
instincts or hereditary traits or tendencies. But no one can 
say for a moment that the education of a robin is not extremely 
efficient and about perfect for a robin’s life. 


Baby. 


A new-born child is in a sphere of observation and action so 
small mentally as to be almost none at all. The child is sus- 
ceptible to the most primitive stimuli only, such as unusual 
heat or cold, to physical pain and to those chemical and phys- 
ical conditions of life called hunger. His education begins by 
satisfying and directing these physical wants. In a few 
months his sphere of observation has extended to all parts and 
people in his room, while his sphere of activity remains the 
size of his crib. Later on the sphere of observation and 
activity extends to nearly the whole house. 

The baby wants sufficient milk, to be sufficiently warm and 
to be cuddled. He soon learns to make his wants known for 
other things which are merely accessories. Because he has 
wants he develops will, and because he has wants and will he 
develops his strength or ability to get things. His mental and 
physical strength increase with practice. The mother says 
‘‘That child certainly has a will of his own. He doesn’t get 
it from my side of the family.’’ Selfishness develops as soon 
as the baby observes that others in his sphere of activity get 
things he wants, and that he can get by ‘‘creating a disturb- 
ance.’’ In each sphere he thoroughly learns about the things 
that are, or that come into his sphere. As he progresses into 
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a larger sphere he combines all the knowledge of the smaller 
sphere, and with it builds, by combination and association 
with the new observations, a larger homogenous sphere of 
knowledge. 

Child. 


A little American boy of nearly three had a German gover- 
ness. When he was yet in his little baby sphere of life with 
only three or four people in it, and it was not much larger 
than his own home, he thought that nearly everybody had his 
own language, because his governess and mother talked to him 
in German, and his father spoke only English. This troubled 
him. It troubled him at first that he had to learn two names 
for everything he wanted, but he soon learned to associate one 
word with his mother or governess and another for the same 
thing with his father. Because he wanted what he wanted 
when he wanted them, he learned. As his wants grew, so did 
his knowledge of English and German. The learning of two 
languages became to him merely a means of getting things. 
So impressed was he that there must be two words for every- 
thing that because he had learned about the ‘‘deck’’ of the 
steamer in German he called it the ‘‘back-yard’’ when talking 
to his father. The baby was much concerned because his 
father did not speak German, and he made it a point to trans- 
late the fairy stories the frdulein told him, that he thought his 
father wanted to know. He thus not only learned German 
but he learned more English than the ordinary baby because 
repeating a story in the same language is not so difficult as 
translating a story. His search for words developed his 
ability to find them. 

Boy. 


A young French boy of twelve years, just an average boy, 
whom the writer chanced to meet, like all French boys was 
greatly impressed by the aeroplane contests such as those in 
which Beaumont, Vedrines, and others competed. It meant 
a means of attack and defence for France, besides being a 
wonderful thing in itself. This young boy wanted, like the 
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other boys, to make gliders and flying machines. He didn’t 
know how, so he read the daily papers and the descriptions in 
technical journals. He made gliders but they didn’t sail far 
enough. He then went to the public library at the sugges- 
tion of his mother, and the librarian showed him technical 
articles with drawings and pictures, so that by reading and 
experimenting he learned much about the physics and me- 
chanics of the air and of flying machines, center of pressure 
and center of gravity and stability. He had no teachers, only 
wants and advisers, so he sought information. He made a 
glider and by means of a rubber-band-driven propeller suc- 
ceeded in making a flying machine. This boy had thus learned 
by himself, because he wanted something, the real meaning of 
will-power, study, research, investigation and success. He 
didn’t know that what he had learned was called mechanics, 
physics, isometric drawings, etc., but he knew the things 
themselves. 

He increased the diameter of his mental and physical sphere 
immensely. He studied the war history of France. He 
thought and talked of army movements guided by aeroplanes. 
He traced out the movements on the sand and boisterously 
argued his ideas with the other little boys. He was ready to 
talk politics and war and expressed the regret that they didn’t 
have aeroplanes when his people fought les allemands in 1870. 
He read the daily papers with new viewpoints and new inter- 
est, and best of all, with understanding. Strange as it may 
seem, this boy would have been glad to write a composition 
about his flying machines if his teacher had said, ‘‘Jean, 
write me about what you did and propose to do, because I am 
interested.’’ He said he would like to do so, but they didn’t 
want that sort of thing in school. 

The striking thing about Jean is that his interest in gliders 
and flying machines did not result in a bump on his sphere of 
knowledge. His sphere of observation and mental growth 
were increased nearly uniformly in every direction. Another 
thing that was striking was that this boy said he couldn’t 
read all of the articles because of the mathematics. Then he 
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added, ‘‘So I just go by what they say in the last part of 
them.’’ It takes some of us a good many years to learn this. 
He hoped to take more mathematics so he could understand 
everything, and said he guessed he would have to go to col- 
lege, because Bleriot was one of the best graduates of a 
certain engineering college. Real ambition thus followed 
wants, will and action. 

The above illustrates the power of example in stimulating 
wants and also what an ordinary boyish immature mind can 
do when directed from within. No school pressure applied 
by any teacher, nor fear of punishment, could make a boy’s 
mind work like that. An ounce of example is worth pounds 
of precept and external pressure. 

But we don’t have to go to France for these examples. A 
short time ago while visiting friends at a lake resort, the little 
boy of the family, not yet four years old, was induced to tell 
about catching his first fish. If there had been a phonograph 
at hand, that little four-year-old’s story would be here word 
for word,—it was such a fine story and told off-hand. An 
interesting feature of this ‘‘fish story’’ was that little Jack 
had a true conception of length. In spite of the fact that this 
boy was an accomplished story-teller at four he will soon groan, 
no doubt, under the demands of a composition teacher who 
requires him to write about things which to him are neither 
interesting nor useful—at the time. 


Boys and Lower Animals. 


Relatively the robins and other lower animals seem to beat 
us in efficiency of education. One wonders why it is that we 
are so far off the track, not only in natural training or develop- 
ing the instincts, but also in the artificial education of civiliza- 
tion. Perhaps, in the case of the latter, it is because education 
was formerly principally for those of leisure, and now we are 
trying to use the same system to train the young for efficient 
usefulness, amid the confusions of much scientific application. 
And, perhaps because of the multiplicity of the demands of 
science, we are neglecting the natural training. 
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The lower animals have a great advantage in that the train- 
ing of their young is almost wholly limited to the development 
of their instincts. All animals have certain hereditary traits, 
the result of habits of many generations, which make them 
extremely responsive to certain stimuli. They thus learn 
certain things necessary to their existence, easily and quickly. 
Every living thing learns almost wholly by doing, or acting 
under the guidance of its own conscious and unconscious 
wants. Any one will admit this who admits that actions 
become more effective and efficient by repetition. Even the 
lowest order of animals learn in this sense as they develop. 
The young bird learns to fly; the canary learns to sing, and 
the small boy tries to whistle; the duck and sea lion have to 
learn to swim, and the baby must learn to take food. But 
since these things are hereditary and instinctive, they are 
learned easily. 

Most boys have hereditary responsiveness to certain in- 
fluences. Some boys swim almost at the first trial. It is the 
same, in skating, skiing, playing a mouth organ and other 
things that boys do. Yet we treat them all much alike in the 
schools, just as though they were, robin like, gifted with a very 
narrow range of mind and action. Boys are not alike in 
natural tastes or ability. They have instincts and it would 
seem that their early education should be confined to the 
development of their instincts and not to spelling and arith- 
metic, till a want has been created for the latter. 

Educating a boy for civilized life is somewhat like teaching 
a hen to swim, because of the demands for knowledge about 
artificial things and the training in their use. Many a mis- 
chievous country boy knows that a hen can learn to swim, and 
that she doesn’t want to. A hen’s dislike for water is quite 
similar to that of boys for certain studies. If a hen’s chest 
were rubbed with goose oil and she were provided with webbed 
sandals it is quite possible that a hen could become a very 
excellent swimmer, with practice if compelled to do so. We 
wouldn’t think of training a hen to swim in hypothetical 
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water, yet a boy, assisted into this world and out of it by 
artificial means, whose every day life is bound up with arti- 
ficial means of doing most everything, is often trained not by 
doing but by reading and hearing about things. 

We also seem to have almost forgotten that boys are 
splendid animals with instincts in our haste to equip them 
with all the artificial means of navigating the streams of 
civilized life. Instead of making them fine specimens of living 
beings we begin ‘‘teaching’’ them the artificial things of life at 
two, four or six years, when they ought to be good little Indians 
until eight years of age. It is not intended to say that boys 
should be savages until eight or ten years of age, but rather 
to draw a contrast between well ordered play grounds with 
plenty of nature in them, connected with school rooms, where 
boys rush to learn how to do things, and the present reforma- 
tory system which requires boys to be chased off city streets 
by the police when playing ball, suppressed in flats, or con- 
fined in a modern school. 

Human beings, without the product of their brains, are 
quite helpless as compared with the lower animals, and it is 
necessary that young people be trained to use the inventions 
and contrivances of modern life; but they can only be prop- 
erly trained by actually using these things. A boy should be 
allowed to live as natural a life as possible until eight, or until 
his instinctive traits, or senses, and physical strength have 
been developed without crowding, and with as little artificial 
stimulation as possible. He should be allowed to just live— 
play, eat and sleep—and to read, ete., if he wants to. He 
should, of course, have the opportunity of learning by experi- 
ence the limits set by his environment, in supervised sports, 
games, and boy organizations with flags and patriotism; and 
he should also learn the elements of leader selection, self- 
control, respect for law and authority, obedience, loyalty, 
common politeness, and social conventions. In fact, the play 
period should fix the manly ideals. A boy must, of course, 
exercise the right of making his own mistakes to accomplish 
this. Every boy must find himself, and the sooner the better. 
He can do it through experience only. 
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Libertarian Systems. 


New methods of training the very young, of from three to 
eight years of age, are being tried out, principally abroad, 
called libertarian methods, of which the Montessori system is 
probably the best example. The object is to liberate and to 
protect the personality of the young child, encourage spon- 
taneous manifestations, and to develop the senses of the child 
or its susceptibility to those stimuli carefully selected for the 
school. Perfect freedom, consistent with the perfect freedom 
of the others, is allowed in the school room. ‘‘The child is 
disciplined through liberty.’’ The success of such systems, 
of course, depend primarily upon the teachers. So far as the 
systems themselves are concerned, they will, no doubt, do some 
things claimed for them. They will develop the senses of chil- 
dren, their will, initiative, direct knowledge of things, ability 
to think, etc., because these systems leave the will free to act, 
and provide selected stimuli. 

The systems, however, are open to question, since they may 
overstimulate the child while too young, resulting in a weak- 
ening of the mature power, and further, in case the artificial 
sphere of activity provided does not correspond with the later 
sphere of mature life, habits will be formed which will not be 
consistent with the limits to action set by nature, society, and 
the State. Further, natural stimuli may be crowded out by 
the artificial. 

Perfect freedom is a fine idea for the individual, but it is 
only possible within the above limits. Our life conditions 
today demand the most efficient activity, of course, but always 
along lines of co-operation and discipline, to the last word. 
Somebody must rule, whether elected by the free or not, who 
has the power to enforce judgments. 

Kindergarten systems, which provide for the care and edu- 
cation of children by experts, are the result, first, of the 
modern tendency toward specialization; and second, they 
result from the general attempt to increase the efficiency of 
education. It would seem, however, since a mother should be 
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the best kindergarten teacher, that if the present home-making 
courses prove as successful as hoped, we might expect kinder- 
garten work to be done in the homes of the future unless 
economic or social conditions make it necessary for mothers to 
work outside of the home. In the latter case, there would be 
no reason why children should not be cared for and taught 
how to play and to care for themselves, in so-called schools or 
kindergartens. But when systems intended for application 
during the pre-kindergarten or kindergarten age are recom- 
mended because the little tots may learn to read and write at 
the youngest possible age, this may be used as an argument 
against the systems as well as for them because of the danger 
of overstimulation and of too little of nature’s environment. 
People are coming to believe that the right kinds of play, 
only, are the best possible training or education for children 
up to eight or ten years of age, and that children should be 
kept in nature’s environment until that age and not be sub- 
jected to more artificial stimulation than is unavoidable. One 
of the great advantages of play, sports and athletics, besides 
that of physical and sense training, lies in the discipline and 
self-control acquired. The boy wants to win, and hence tries 
his level best to overcome the opponent or other obstacles to his 
success. He must, however, play according to the rules of 
the game. He is not free in this sense at all, but thoroughly 
governed and disciplined, if necessary, on the spot. A boy 
kept to the simple life and allowed to develop the power of 
reason until ten, easily catches up with a similar boy subjected 
to high stimulation during the kindergarten age. High stimu- 
lation of modern life is bad enough for adults; it should not 
be carried into the lives of children. Note the number of 
country boys who become city leaders. Boys with good sound 
bodies and with simple experiences, rather than complicated 
ideas, solve complicated situations when they become men. 
After the play period, there remains plenty of time to school 
the boy to use his mind and hands and tools in satisfying first, 
his natural, and second, his artificial wants. The latter would 
grow with his ability to satisfy them, and a boy would soon 
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learn that mathematics, spelling, drawing, etc., were useful to 
him, and that even rhetoric and grammar are not altogether 
useless. In other words, we should induce wants in the boy 
to seek knowledge of the artificial, instead of stuffing him 
with it to the nauseating point by main force. 

Fortunately the average boy’s natural wants do not need 
much developing, only directing, during the early years. If 
a boy doesn’t want to do a certain thing, especially in school, 
the present system requires that we assume that the trouble is 
with the boy; and he is treated accordingly. The trouble may 
be, however, with the task or with the task-giver. If a boy is 
‘*bad’’—and many bad boys are really ‘‘good’’—the chances 
are that it is not his fault but rather because of heredity and 
environment over which the boy has no control. If a boy 
commits murder as a result of forces he could not control, let 
society hang him for the good of society, if he has reached the 
hanging age, but don’t blame him; rather join the Society for 
the Promotion of Rational Eugenics, the Civic Improvement 
Association, and the Political Vigilance Committee. Many 
‘*bad’’ boys are made of the very best material, and need only 
the proper individual training to become not only good but 
efficient men. 

The above illustrations and comparisons are intended to be 
straight criticisms of the method of teaching required by our 
present system. There is no intention of casting reflection 
upon the teachers themselves, because no teacher can escape 
from the rules of the system and draw pay. In fact, results 
obtained by the present system only emphasize the personal 
worth of the teachers. 

(To be continued.) 
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PROFESSOR PHILIP ROUNSEVILLE ALGER, 
1859—I912. 


Professor Philip Rounseville Alger, United States Navy, 
for the last nine years secretary and treasurer of the Naval 
Institute and editor of its Proceedings, died at Annapolis, 
Maryland, on February 23, 1912. 

Born at Boston, September 29, 1859, and graduated from 
the Boston Latin School in 1876, he entered the Naval 
Academy the same year, graduating four years later at the 
head of his class. His first cruise on the Richmond took him 
to the Pacific Station and to China. Returning in 1882, he 
was ordered to the Bureau of Ordnance, where he began the 
career that led to such distinction in later years. 

Keen imagination, a practical common sense as well as a re- 
markable gift for abstract reasoning, united to make Pro- 
fessor Alger eminently fitted to meet the demands of the 
situation and it is a significant fact that his entrance upon 
ordnance duty coincided exactly with the beginning of the 
** New Navy,’’ of steel ships and built-up guns. 

A second tour of duty afloat, this time in the Pensacola on 
the European Station, from 1885 to 1888, was followed by 
another assignment to the Bureau of Ordnance, and, a year 
later (November, 1890), by transfer to the corps of professors 
of mathematics. 

Professor Alger now entered upon a new phase of his 
career and for more than nine years was associated intimately, 
so far as ordnance was concerned, with every step of the re- 
markable advance of that brief period in warship design. 

In 1899 Professor Alger left the Bureau of Ordnance to 
take up the duties of head of department of mechanics at the 
Naval Academy. In 1903 he was induced to accept the posi- 
tion of secretary and treasurer of the Naval Institute, a posi- 
tion which carried with it the editorship of the Institute’s 
Proceedings; and the following year he resumed his con- 
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nection with the Bureau of Ordnance by becoming a member 
of the special board on naval ordnance. This board, created 
in 1904, was designed to act as an advisory board to the 
Bureau, in connection especially with experimental work in 
the development and test of ordnance material. 

In spite of his connection with the Naval Institute and with 
the special board, he continued his duties at the Naval 
Academy until 1907, when his direct connection with the 
Academy was severed; and thereafter until his death he was 
enabled to give his uninterrupted attention to the Institute 
and the special board. 

As an educator, Professor Alger exhibited a generous and 
sympathetic comprehension of youth which made him emi- 
nently successful in that sphere. As a member of the Society 
for the Promotion of Engineering Education he kept in touch 
with educational matters. At all times he aspired to make his 
influence count for as much in the development of character 
as in that of mind. He had, in a most unusual degree, the 
gift of making and retaining friends and it is in this sphere 
of personal influence as well as in public life that he rendered 
a valuable service to his fellowmen. 


DR. T. GUILFORD SMITH, 
1839-1912. 


Dr. T. Guilford Smith died at his home in Buffalo, N. Y., 
February 20, 1912. He was graduated from Renssalaer 
Polytechnic Institute with the degree of C.E., in 1861, re- 
cieved the honorary degree of LL.D. from Hobart College in 
1899 and from Alfred University in 1903. 

For many years of his active life, Dr. Smith was connected 
as engineer or as sales manager with a number of engineering 
and industrial companies. From 1899 until he retired from 
active duties in 1911 he was with the Carnegie Steel Com- 
pany and located at Buffalo, N. Y. Dr. Smith was interested 
in all public activities, and a member of a number of engi- 
neering, political, historical, and educational societies. 








COLLEGE NEWS. 


Ohio State University—The following changes have been 
made in the electrical engineering department this year: Pro- 
fessor J. H. Hunt has resigned to take a position as electrical 
engineer with the Packard Motor Car Co., of Detroit. His 
place has been filled by Professor A. E. Flowers, of the Uni- 
versity of Missouri. Professor Flowers spent last year at 
Cornell University from which he received the degree of Ph.D. 
Mr. J. E. Shepardson has been promoted to be an instructor. 
Mr. R. A. Brown, a graduate of the University in 1910, has 
been appointed instructor and Mr. R. M. Moody, of the class 
of 1912, an assistant. 

Colorado School of Mines.—A new policy is being inaugu- 
rated in regard to the lecture notes used by the instructors. 
The notes are prepared not as full discussions, but more as the 
student would be expected to take them in class with no elab- 
orate explanations. These are then printed for the use of the 
students and are available to the alumni. 814”X11” paper is 
used, which is the size of the standard notebook. In some 
of the courses the necessary cuts are printed on the same 
size sheets, separate pages being devoted entirely to cuts. 
This size of notebook makes it possible to insert pages from 
the mining journals as part of the notes. The following 
men were elected to the faculty for the year 1912-13: 
C. E. Coolidge, assistant professor in mechanical engineer- 
ing, is a graduate of Yale, 95; draftsman for the Pope 
Mfg. Co. and the Eddy Electric Mfg. Co.; instructor 
Worcester Polytechnic Institute; adjunct professor of draw- 
ing, Georgia School of Technology; assistant professor of 
machine design at Cornell; sales manager, factory manager 
and equipment engineer for New York automobile and manu- 
facturing companies; non-resident lecturer at Columbia in 
1909; author of the following text-books: ‘‘Manual of Draw- 
ing’’; ‘‘Elements of General Drafting’’; ‘‘Notes on Descrip- 
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tive Geometry.’’ C.S. Johnson, assistant professor in mechan- 
ical engineering; graduate of Purdue, 1901; he has taught 
machine design in the School of Mechanical Engineering at 
Purdue since 1903; co-author with Professor J. D. Hoffman 
of ‘‘Notes on Engine Design.’’ George S. Tilley, instructor 
in chemistry; graduate of Harvard in chemistry; Se.M. 
degree in inorganic chemical research work; two years in- 
structor in chemistry, Bucknell University; research chemist 
for General Electric Co. Hyrum Schneider, instructor in 
geology and mineralogy; graduate of University of Utah and 
received the degree of M.A. in geology at Wisconsin, and is 
ready for his Ph.D. degree at Wisconsin; field geologist to 
the Oliver Mining Co.; assistant field geologist to the pro- 
fessor of geology at the University of Wisconsin. [lo I. 
Taylor, instructor in mathematics; graduate as B.S. in C.E., 
Iowa State College in 1910; since graduation has been en- 
gaged in sewerage and drainage work in Iowa. 

University of Illinois —The College of Engineering reports 
the following appointments to the staff, effective September 1, 
1912: H. W. Miller, assistant dean of the college of engineer- 
ing; since 1909 instructor and associate in the department 
of general engineering drawing. A. B. McDaniel, assistant 
professor of civil engineering, formerly at the University of 
South Dakota. C. W. Malcolm, assistant professor of struc- 
tural engineering returns from a year of study in New York 
City. J. M. Snodgrass, assistant professor of railway mechan- 
ical engineering, transferred from the department of mechan- 
ical engineering. F. R. Watson, assistant professor of physics, 
returns from a year of study in Germany. A. F. Comstock, 
instructor in railway civil engineering, since graduating has 
been engaged in practical work and also as associate editor of 
Engineering Record. H. 8. Eames, instructor in mechanical 
engineering, comes from a similar position at Rhode Island 
State College. F. C. Loring, instructor in electrical engineer- 
ing, returns to a teaching position after three years of prac- 
tical work. J. M. Kellogg, instructor in architectural design, 
comes from a position as instructor in the college of archi- 
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tecture, Cornell University. A. H. Kimball, instructor in 
architectural design, comes from a year of graduate study at 
Massachusetts Institute of Technology. S. F. Kimball, in- 
structor in architecture, comes from graduate work at Har- 
vard University. F. H. Millard, instructor in theoretical and 
applied mechanics, has just completed a year of graduate work 
at the university. B. Mitchell, Jr., instructor in machine 
design, was formerly associate professor of mechanical engi- 
neering, University of Arkansas. Other appointments are: 
R. R. Carter, assistant in general engineering drawing; E. B. 
Flanigan, assistant in mechanical engineering; J. C. Pendle- 
ton, assistant in the foundry; W. H. Bair, part-time assistant 
in physics; W. S. Nelson, half-time assistant in general engi- 
neering drawing; E. H. Warner, part-time assistant in phys- 
ies; H. F. Hadley, research fellow in experimental chemistry ; 
R. MeDermet and J. W. Stokes, research fellows in experi- 
mental electrical engineering; G. A. Maney and H. R. Thomas, 
research fellows in theoretical and applied mechanics; W. J. 
Wohlenberg, research fellow in experimental mechanical 
engineering. 

University of Maine—Mr. A. G. Durgin who has been 
assistant chemist at the Maine Experiment Station has been 
appointed instructor in chemistry.—A meeting of the Maine 
Section of the American Chemical Society was held at the 
Bangor House on the evening of Friday, November first. After 
the dinner the Section was honored with an address by Dr. 
A. D. Little of Boston, President of the American Chemical 
Society.—Prof. J. E. Kaulfuss, who is in charge of the course 
in highway engineering at the University, attended the recent 
American Road Congress at Atlantic City, N. J. Dean H. S. 
Boardman and Prof. P. L. Bean were among the members of 
the Maine Society of Civil Engineers who recently took a trip 
to Aziscohos Dam. 
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LIVE QUESTIONS IN TECHNICAL EDUCATION.* 


BY WM. G. RAYMOND, 


Dean of Applied Science and Professor of Civil Engineering, State Uni- 
versity of Iowa. 


What shall a presidential address be? Eighteen have been 
delivered before this society and I have read them all in search 
of light. It seems to be proper to deal with the growth of the 
society from its inception to the date of the address and then 
to give a dissertation on some subject next the president’s 
heart at the moment or called from the nowhere into the here 
simply because the President must give an address whether 
he has anything to say or not. 

With propriety all but five of the preceding presidential 
addresses discuss engineering education either historically, 
critically, or prophetically. The burden of two very able 
papers is industrial education, one deals with improvement 
of secondary schools, one with conservation, and one is a plea 
for the metric system. The very first presidential address, 
delivered by that veteran who has since gone to rest, DeVol- 
son Wood, seemed in its outline to cover the entire field. He 
spoke on three points: (1) What to teach; (2) how to teach; 
(3) who shall teach? Completely elaborated this is the whole 
important field in which we have ever since been working 
with details. 

I think I must confess to a critical mind—constructively 
critical, I hope—rather than a mind of great originality. And 
yet it is always trying to me to follow the beaten path unless 
I can see that it is the best path, and not even the fact that a 
given way is the custom of the ages is enough to convince me 
that it is the best way or the way for me. Doubtless you all 
know how the streets of this great old city in which we are 
met are said to have been laid out, and I sometimes think the 


* Presidential address delivered at the Boston meeting, June, 1912. 
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custom of the ages is the result of a blind following of some 
ancient erratic calf. 

And so I have studied this matter of the presidential ad- 
dress and the more I study it the more I wonder why a presi- 
dential address at all. It certainly must frequently occur 
that a man is forced to talk when he has nothing to say. In 
this instance I have no great theme to bring to you which is 
startling in its novelty, deep in its philosophy, or clothed in 
a dress of beautiful rhetoric. If I can point out one or two 
things that need doing and that this society can do, or if I can 
suggest a desirable line of action for the future I shall feel 
that I have performed this part of the presidential duty, if 
not well, at least in accordance with my idea of what that duty 
is, even if what I have to say is not worthy of the name 
address. 

There is a great question that needs discussion, but it must 
be discussed by each individual for himself. It is a compound 
question of several parts. In one form it is: Have I the right 
viewpoint with respect to my teaching and other work? Am 
I honest with myself, with my employers, and with my boys? 
Under the influence of President Schurman’s statement that 
the crowning glory of the university is its department of 
research, and his reason why it is not a fact in America, 
namely: ‘‘The investigator is burdened with teaching students 
and comes jaded and distracted to the task of research,’’ am I 
reversing the situation and coming jaded and distracted to my 
classes? Am I so living before my students and so teaching, 
that they may be influenced to right views concerning civil 
government, the problem of labor and capital, employer and 
employee, the fatherhood of God and the brotherhood of man? 
In short, am I living for my country and my boys or for 
myself ? 

Every employment has its own special temptations and 
those of the engineering teacher are peculiar. It is so easy to 
fall back on the theory that professional work will make one 
a better teacher as an excuse for absenting one’s self from 
appointed classes; so easy to let the problem in research that 





LIVE QUESTIONS IN TECHNICAL EDUCATION. 163 


is to be the ‘‘crowning glory’’ of one’s effort or a remunera- 
tive outside engagement take the time that should be put into 
preparation for a class exercise, that I believe a discussion of 
these temptations and an effort to reach some conclusion as to 
what should be the attitude of the school and the professional 
teacher of undergraduates toward professional work and 
research is highly desirable. This is a question about which 
there is likely to be much difference of opinion even though 
we are all agreed that professional work and research are de- 
sirable and necessary occupations for the professional teacher. 
Governing bodies of law schools and medical schools are find- 
ing it desirable to employ what they call full time teachers 
It may be that we shall be forced in part to this same practice. 
The solution of this problem will hinge somewhat on the 
course that is taken with respect to the third problem that I 
shall mention. 

A second thing that needs doing and that we can do is to 
standardize the professional degree. We have already ap- 
proved a committee report on degrees but not unanimously 
nor after proper consideration and debate. I believe we 
should consider this question further and endeavor to agree 
upon a recommended practice that is logical. The former 
committee report could well be used as a basis for discussion. 
That report did not attempt to formulate requirements for 
degrees, but rather to say what should be the degrees for 
four-year undergraduate courses and what advanced degrees 
should be given. It must always be true that a degree, what- 
ever it is, will be valued according to the school that gives 
it and there is no good reason for attempting to make all 
undergraduate courses alike, and at least one first rate reason 
for not doing so. Yet it is generally agreed that the bachelor’s 
degree follows a four-year college course based upon a four- 
year high school course. <A similar general requirement may 
be made for the professional degree as, for instance, a 
bachelor’s degree followed by four years of professional work, 
one of which must have been in responsible charge and one 
of which may have been in graduate work in college. This 
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is equivalent to the requirement for admission to the American 
Society of Civil Engineers as an associate member and this 
standing would seem to merit the professional degree. In my 
own mind the master’s degree in engineering has no reason for 
being and I think the doctorate in engineering should, like the 
doctorate of laws, be a purely honorary degree. 

Most of us who had opinions on these subjects when the 
report was presented were unable to present our views because 
of limited time, and I have felt that the report was based 
largely on prevailing custom which, like the streets of Boston, 
had resulted from the blind following of the wanderings of 
some predecessor whose path had suited his requirements, 
rather than from a carefully thought-out plan adapted to the 
needs of what was likely to come and has come. 

Why should we attach a tail to the old time degrees of B.A. 
and B.S.? Why should the man who has paid a little more 
attention to statical structures than to moving ones be dubbed 
a Bachelor of Science in C.E. any more than the ordinary 
student of science is dubbed a B.S. or B.A. in Botany because 
he has majored in that pleasant branch of natural science? 
And again this second subject depends on the third one that I 
wish to call to your attention. 

This is also a compound or complex question and one that 
has been troubling us individually for some time. It was not 
sO many years ago that a course in engineering consisted of an 
arts or science course modified to include surveying or shop- 
work, mechanics, and bridge stresses or machine drawing ac- 
cording as a civil or mechanical course was followed; but 
those days have passed and a fund of technical knowledge 
has grown until four years is hardly sufficient to cover the 
fundamentals of mathematics and physical science and the 
technical subjects deemed necessary in any college course in 
engineering. Gradually the social courses—I will not call 
them cultural—of language, history, and literature have been 
crowded out and many if not all of us, regretting the situa- 
tion, are wondering what is to be done. Some of us have 
boldly adopted five-year courses, others have made such courses 
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elective and some are proposing even six-year courses or put- 
ting engineering into the graduate school. Entrance require- 
ments to undergraduate college work of any kind are now fairly 
well fixed, the Carnegie Foundation having been the com- 
pelling power, the club that has beaten us into line. We our- 
selves have studied the question quite thoroughly and most of 
us had reached the Foundation standard before it was set up. 
We have studied graduation requirements and in at least one 
school the result of our study and the suggestions of the 
Committee have formed the basis for the courses there given. 

We have reached the limit of practicable requirements for 
admission from secondary schools and to secure the training we 
all feel to be desirable we must add at the other end. 

I believe it is time for us to consider this great question and 
try to reach some conclusion as to what can be done. It is 
perhaps not material that all or many schools adopt what we 
shall recommend, at least not at once, but I do believe that we 
should think hard enough on these things to carry them to 
some end. Such conclusions as we might reach should, of 
course, be quite general in character. 

My suggestion is that taking a committee report for a basis 
we discuss the duration and essential content of a college 
course for engineers and recommend certain minimum re- 
quirements for the graduate engineer. At the State Univer- 
sity of Iowa we have had for some time a four-year general 
engineering course leading to the degree of B.S. A fifth year 
of special work mostly in one department will earn the degree 
of B.E., and four years of professional service, one year in 
responsible charge, will make the graduate eligible for his 
professional degree. To recover somewhat of what we have 
lost of the social studies, I suggest a four-year course in gen- 
eral engineering, including only fundamentals of all branches 
of physical science and engineering, together with language, 
history, economics, and literature, to be followed by one or 
more years of special work in some one department of engi- 
neering. 

Such a four-year course in general engineering will be of 
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advantage not only to the engineer. It is doubtful if a better 
college course could be devised for the general business man or 
even for the lawyer who expects to found his law training 
upon a college education. 

It is perhaps possible that the Committee on Entrance Re- 
quirements might be enlarged by the addition of one man, to 
cover civil engineering not now represented on the committee, 
and have its duties extended over this greater question. 

Professor Swain it was who first warned us that we must be 
first teachers, then engineers. This has been said again sev- 
eral times in following presidential addresses and I believe it 
is true. Yet we must not forget that we are engineers and, 
engineer fashion, must wish to see the conceptions of our crea- 
tive intellects assume definite, tangible form and become of 
use to our fellows. 

Thus I believe that this society, having discussed certain 
general theorems, must attack specific problems of general 
design and detail and attempt to solve them, if not once for 
all, at least for the time being and until new discoveries or 
longer experience shall suggest improvements. It is for this 
reason that I have suggested that the problems I have men- 
tioned be taken up and discussed to a conclusion and that the 
conclusion of a substantial majority be submitted to the 
faculties of the several schools represented, for such action as 
may seem wise in each individual case. I recognize the fact 
that we cannot hope to standardize engineering education for 
the different schools, and it is well that we cannot, but there 
are certain matters that it seems to me we can agree upon 
without losing anything of our various individualities and 
that the questions submitted are such matters. 

The program for this year’s convention was devised with 
this same idea of definite accomplishment in view and it is 
hoped that more than usual good may come from it. It will 
be noticed that three general topics of supposedly general 
interest are scheduled for discussion by the whole society, and 
that for the remainder of the time given to professional 
meetings a single general topic has been divided into those 
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component parts of special interest respectively to the corre- 
sponding component parts of our membership ; and these parts 
have been arranged, as our electrical friends would say, in 
parallel, that the pressure may not be disturbed but may 
remain constant throughout the convention. 

As to policy: It has been suggested that as engineers we 
must wish to see definite, tangible shapes following our con- 
ceptions. It has also been said that the principal feature 
of these conventions is the social intercourse, the getting 
acquainted and the exchange of the time of day with our 
brethren. I may be underestimating this feature which I 
think I enjoy as much as anyone and from which I fancy 1 
get as much of value as anyone, but I feel quite confident that 
if this feature is the most valuable and the work that we do the 
least valuable, the whole effort is not worth what it costs of 
time and money. 

Now I don’t believe that the social intercourse is or should 
be the most valuable feature of our conventions. I believe we 
should actually accomplish something of definite value to the 
engineering profession; I think we have accomplished some- 
thing, and that we can accomplish more by setting up certain 
serious problems for solution and attacking them with what 
strength we may in these conventions, minimizing general 
programs and emphasizing special feature programs, and 
reaching definite conclusions that express the best judgment 
of the whole society. 

The Bulletin, which we have made permanent, furnishes a 
quicker outlet for those ideas that come to us and trouble us 
until they are unloaded, and reaches a larger audience than 
the volume of proceedings can possibly furnish or reach. It 
is, therefore, a better medium for our discussion of general 
topics and details requiring no formal action than the annual 
convention which may thus be left free for the handling of 
those special problems concerning which we may properly 
reach and state conclusions. 

The experiment is being partially tried this year, and while 
no great question is up for final solution, there are certain 





168 LIVE QUESTIONS IN TECHNICAL EDUCATION. 


questions that should be solved as the result of our section 
meetings on laboratories. 

I know of no way to formulate this suggested policy for 
society action and fancy it is not necessary to have such action. 
I commend it for careful consideration to the program com- 
mittees of the years to come. The results of this convention 
will in some measure determine the value of the suggestion. 

On any one of the several matters I have mentioned I might 
have written a paper, but because next to the Secretary the 
President becomes most familiar with the work of the society 
and because its future becomes to him a matter of concern, it 
has seemed better to suggest a policy and some work for the 
society to do rather than to prepare a paper on some general 
subject. 





TEACHING THE PRINCIPLES OF SCIENTIFIC 
MANAGEMENT. 


BY WALTER RAUTENSTRAUCH, 
Professor of Mechanical Engineering, Columbia University. 


The records of this society, the transactions of engineering 
institutes, articles in the public press and the reports of many 
conferences give evidence of an ever increasing interest in 
the subject of engineering education in preparation for service 
in the manufacturing industries. The remarkable results be- 
ing accomplished by American manufacturers in the produc- 
tion of commodities at lower costs than were obtained in 
earlier years have awakened the people to the possibilities of 
accomplishment in all lines of human endeavor through a 
more accurate knowledge of the factors of cost incident to 
these activities. Efficiency societies, committees of the 
national and local engineering organizations and special pub- 
lications devoted to the Science of Organization, Management 
and Production are springing into being, for the purpose of 
spreading far and wide a knowledge of those principles of 
production which have been so effective in the industries where 
they have been sanely tried. While many commercial institu- 
tions have been put on a more substantial foundation to the 
benefit of both producer and consumer and industries over- 
burdened with financial obligations, occasioned by errors in 
operation and management, have been given a new start, yet 
some manufacturers and managers of the old school have held 
themselves aloof from partaking in this new movement be- 
cause of years of prosperity under the older conditions of 
manufacture. It is not surprising, therefore, to find the 
same attitude in some of our universities and colleges where 
the policies are dictated by professors schooled and experi- 
enced in means and methods of instruction which no longer 
parallel the modern requirements of engineering service, and 
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whose knowledge of present engineering practice is mainly 
derived from text-books. 

Our successful industries to-day are those which have 
adapted themselves to the changing economic conditions of 
the times and are not judging their present condition by the 
results of past performance. So also will it be found that 
our engineering schools will progress to the extent to which 
they keep the subject matter of their courses and methods 
of instruction abreast with the practice of the profession for 
which they propose to give preparation and also not to judge 
their excellence by the records of graduates who have become 
successful in practical life. Serious attempts are being made 
not only within the universities but without, to have the 
courses of instruction in engineering more closely identified 
with modern conditions of service but the changes proposed 
lead one to believe that emphasis is not being placed on the 
most important factors. As it has been found true in the 
case of the factory that modern improvements are wrought 
not by additions in organization, equipment and accounting 
but rather by a complete change of policy and ideals even 
extending to the organic design of buildings and equipment 
and the occupation of new ground, so also will it be found in 
the engineering schools that the preparation of young men 
for engineering service is not much improved by mere addi- 
tion to the curriculum but there must be complete changes 
in ideals, methods and means of instruction. Accordingly, 
therefore, those schools in which the purely technological 
‘ aspect of engineering problems has for years predominated 
the courses of instruction, will never effect a successful change 
when they attempt to retain the old presentation of 
subject matter and simply add courses in ‘‘scientifiec man- 
agement”’ to satisfy the popular demand. No separate course 
of instruction pretending to deal with the science of organiza- 
tion, management and production, divorced from vital contact 
with problems of design and performance in which these prin- 
ciples are embodied, will ever be effective when standing alone. 
Whatever instruction is offered in these lines must always be 
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paralleled by applications and illustrations in all courses of 
the curriculum. Universities attempting to teach the ‘‘science 
of management’’ to non-technical students; bookkeepers and 
accountants engaging in the business of advising manufactur- 
ers in the matter of lowering the cost of productive processes 
of which they know nothing, only serve to misguide many an 
earnest youth who seeks to prepare himself for real and sub- 
stantial service. 

No one would dare suggest the revision of legal procedure 
or scientific management of the courts by one not well versed 
in the law, nor can it be imagined that the great problems of 
public health should be attacked by one not thoroughly drilled 
in the science of medicine, yet our great industrial institu- 
tions are continually embarrassed and even persecuted by men 
wholly incapable of comprehending their problems. The 
time is not so long ago when the architectural features of a 
bridge or a factory building together with the maximum limit 
of appropriation of funds allowed had more influence in the 
design of such structures than the relation of their income 
producing capacities to their cost. The technical excellence of 
the design and perfection and accuracy of workmanship were 
matters of considerable pride to producers and were not to be 
degraded through considerations of a mere utilitarian nature. 
In some quarters this point of view still lingers and is fostered 
by municipalities and governments requiring of their engi- 
neers of public works to judge their expenditures by the 
limit of appropriation available. But the manufacturing in- 
dustries compel the engineer to render an entirely different 
kind of service. Some professors having knowledge of the 
older form of service, a magnified regard for excellence in 
technic and a tendency toward the academic, find great diffi- 
culty in adapting themselves to the pressing demands of 
modern times. 

No attempt is being made to belittle the worth of a high 
degree of scientific ability; we cannot have too much of it in 
our schools. But it is believed that it alone may be far re- 
moved from an ability to solve commercial problems. The 
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most highly skilled artisan may be a very poor man to decide 
the policies to be followed in manufacturing a line of goods 
for a given market. So also the most scientific professor, 
understanding all the laws of thermo-dynamics, may be wholly 
incapable of selecting the most economic commercial equip- 
ment of power machinery for a station to meet a given 
service condition, or being able to solve the most complicated 
problems in stress analysis may not be able to determine the 
type of bridge which will burden the transportation system 
with minimum capital charges or perform its service with 
minimum weight. This feeling on the part of the professor 
that he possesses a superior sort of knowledge, far above that 
possessed by the business man is conducive to a wholly in- 
adequate treatment of the subject he professes to teach and is 
evidence that he does not appreciate the nature of the service 
' for which his students should be prepared. Any course of in- 
struction, no matter how excellent in its treatment of scientific 
facts and methods of analysis highly desirable as these may be, 
is incomplete when it fails to impart to the student a knowl- 
edge of the conditions under which this information may 
become commercially serviceable. Our engineering schools 
are supposed by employers to have for their aim the prepara- 
tion of young men for service in our great industrial institu- 
tions engaged in the manufacture of commodities such as 
shoes, hats, typewriters, jewelry, glassware, brick, cement, 
soaps, cloth, paper, paints, automobiles, locomotives, steel and 
iron products, in endless variety, form and complexity, and 
the creation of services such as light, heat, power refrigera- 
tion, communication, transportation and information. Ac- 
cording to the 1910 census the manufacturing industries alone 
in the United States represent an investment of capital of 
about 13 billions of dollars and produce an annual output of 
nearly 20 billions of dollars value, employing 6 million people 
who directly support through these earnings about 25 millions 
or nearly one fourth of our population. These manufacturing 
industries, having such important economic relations to our 
welfare, are brought into being and sustained through the 
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labors of the engineer and the capitalist supported by the 
people investing in industrial securities. That the engineer 
and the capitalist may successfully codperate, each must 
understand the laws which condition the existence and pros- 
perity of the manufacturing industries. As the banker is 
guided in his investment in industrial securities through his 
knowledge of their probable earning capacities so the manu- 
facturer and engineer wisely invest in machinery and plant, 
materials and the labors of men according to their ability to 
forecast their probable earning value. That the bond is a 
mortgage on an electric railway, a gas plant or a municipality 
is merely incidental to the banker, so also that the commodity 
is steel rails, alarm clocks, collars, or steam machinery is in- 
cidental to the manufacturer and engineer. 

Because of the knowledge of scientific facts necessary for 
the engineer to enable him to deal with these commercial 
problems it was once believed that instruction in these alone 
was a sufficient preparation for the practice of the profession. 
Hence this sort of teaching characterized our engineering 
schools in the early days and still exists in some institutions 
at the present time. But the more alert minds in our engi- 
neering schools, in touch with practical affars, are aware that 
this is not sufficient. Thermodynamics most positively indi- 
cates the superiority of the gas engine over the steam engine; 
yet the progress of the gas engine has depended little if at 
all on this long-known principle but rather on entirely outside 
practical considerations such as difference in first cost, size, 
space occupied, repair and maintenance charges and the 
nature and quantity of labor required for their operation, 
and the availability of fuel supply in gaseous form. All these 
conditions and many more enter into the question of true 
economy and are entirely outside of the consideration of 
thermodynamic economy. Therefore, any theory of power 
generating machinery which fails to include the various 
factors of cost, including labor as well as capital charges 
and their variation with local conditions, is not a complete 
theory and therefore not a theory to teach engineering stu- 
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dents. These mathematical laws are very valuable in ex- 
plaining results attained and preventing attempts at the im- 
possible but not nearly so useful in that prediction of results, 
which is the prerequisite for design of whatever sort, as many 
of their professional advocates have for years taught their 
students to believe. For many years past the average course 
of study absolutely ignored all those subjects or methods of 
treating subjects that were not capable of algebraic formula- 
tion. The labor and cost questions, although they are at least 
of equal importance, have been ignored, while the mathe- 
matical or pure technological has often been carried to absurd 
extremes. Those parts of engineering subjects which admit 
of treatment by the theory of numbers are always beyond 
doubt absolutely essential. It is not the purpose here to 
belittle them but rather to place them in their proper position 
as partially and not by any means wholly preparatory sub- 
jects. It is indeed important to teach students to lay out 
machines, to determine the forces in the mechanism, and to 
proportion the parts for stiffness and strength but it is equally 
important that they be taught that a variety of machines might 
be designed to perform precisely the same service, and that 
there will result perhaps varying degrees of goodness but 
certainly great variations in cost not only to build them but 
to operate them. Unless a machine can be built at a cost 
sufficiently low to meet the demand it will never get beyond 
the experimental stage and there is absolutely no use in de- 
signing a machine if its cost of production or operation exceeds 
_ what can be properly paid. It is certainly important to teach 
the students how a bar can be turned round or a plate made 
flat or how every operation necessary to making a machine 
may be carried out by a mechanic; but it is equally important 
that he should know their relative costs so that he may avoid 
the expensive operations or reduce their use to a minimum. 
He should also be taught that the maximum economy in pro- 
ducing that machine will result when it is made in quantity 
and why, and that quantity production will involve changes in 
design, changes in shop processes because it permits the use 
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of special instead of standard tools and finally and most im- 
portant, that quantity production involves many men and that 
many men require management that each may produce the 
maximum for his wages and that such an organization for 
economic production is subject to laws and principles of far 
greater consequence than all the thermodynamics that was 
ever formulated; and yet of essentially the same nature as 
those that control the design of his machine. 

The teaching of each subject in the engineering school from 
this point of view seems to furnish the only means through 
which an understanding of the foundational factors in the 
economics of production can be acquired. Any ideal short of 
this will only serve to further the feeling, all too prevalent 
even in practice, that the science of production may be con- 
sidered apart from the very forces which it proposes to control. 
It is believed therefore that a knowledge of the principles 
of economic production is a necessary part of every engineer’s 
equipment, be he designer of machines or structures, water- 
ways or public works, employee or employer of labor, that he 
may be able to successfully codperate with or codrdinate the 
labors of many men, working in many fields but all endeavor- 
ing to create a given commodity or render a service to satisfy 
a real demand. 

This ideal has been the end to which every course of in- 
struction in the department of mechanical engineering at 
Columbia University has for years past been directed. This 
course of instruction which was developed under the leader- 
ship of Dr. Charles E. Lucke, head of the department, in- 
cludes courses in principles of organization, management, cost 
accounting, wage payment methods, economics and business 
laws as a necessary part but by no means the whole of an 
adequate treatment of the principles of economic production. 
The aim of the course is not to train managers but engineers. 
Should our studies through personal qualifications find them- 
selves to be adapted to the problems of management well and 
good. Limitation of time will not permit a survey of the out- 
lines of all courses of instruction given in this institution, but 
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it is hoped that the consideration of a few will lead to a 
clearer exposition of what is believed to be a proper presenta- 
tion of subject matter. To this end there have been chosen 
the courses in steam power, elevators and conveyors, shop 
processes, organization and management and the factory and 
power plant work required of the students in the second and 
third summers respectively. 


Steam Power. Three hours and two afternoons. 


Relation Between the Cost of Power and Thermal Efficiency of the 
Plant. Commercial Value of Refinements—Determination of engine and 
boiler ratings and corresponding efficiencies and probable coal and water 
consumption for plant on given load curve. Essential relation between 
processes and dimensions of the steam plant. Steam plant refinements 
for raising efficiency of part or complete plant and relations between 
dimensions and effect. Use of unit costs of apparatus in estimating, 
examination of cost sheets to determine prime unit of cost. Cost of 
power. Fixed and operating charges, ratio of each individual item to 
total and effect of labor and fuel rates, load factor and refinements on 
the fractional part. Value of refinements of design on basis of capital- 
ized annual saving by comparing the cost of waste and the cost of its 
elimination, including all charges. Specifications and contracts; standard 
and special methods and forms for defining purchaser’s requirements and 
builder’s proposals, contracts, methods of power plant erection. Design- 
ing and erecting office organization and field systems. 

The work consists in laying out a simple power plant for assigned 
units in the drafting room or the detailing of existing general plant 
drawings, preparation of the bill of materials, estimating the first cost, 
fixed charges, probable coal, water, labor and supply cost for an assumed 
load curve and total power cost. The plants so designed or detailed are 
‘exchanged by students and redesigned for an increase of 100 per cent. 
peak and 50 per cent. mean daily load and for the maximum power cost 
reduction by the use of plant refinements and auxiliaries when it can 
be shown that additions and alterations will pay. Specifications are 
written for the alteration and proposals submitted. 

Fourth year Mechanical Engineering. 


Shop and Factory Work. 


Practical Work and Directed Study in the Shops and Drafting Rooms 
of Representative Manufacturing Establishments with Report—Each 
student is provided with a printed copy of the things to be studied and 
reported on in detail, of which the following is a general summary. 
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Machine Shop. Functional operation, characteristics and powering of 
machine tools, capacities, layout of shop, size of shafting, belting and 
motors for independent and group drive. Range of cutting speeds, feeds, 
depth of cut. Shape and size of tools used. Report on specific observa- 
tions on time of setting work, time of forming and finishing, number 
of pieces turned out per hour. Facilities for handling work at the ma- 
chine. Facilities for producing pieces in quantity. Hand processes for 
finishing and tools used. 

Pattern Shop. Materials of which patterns are made and methods of 
treating. Machine tools used in the pattern shop arrangement, capacities, 
adaptability, handling and storing of material and finished product. 

Foundry and Forge, Description of hand and machine tools and appli: 
ances used in the foundry and forge. Compositing and treatment of 
foundry sands. Methods of molding. Timeinvolved. Methods of power- 
ing, venting and chilling, cooling and finishing, handling the cupola. 
Composition of the charges and mixtures, temperatures, pressures, time 
required to charge, to melt, to pour, cool and clean. Appliances in the 
forge shop. Operation of power hammers, bull-dozers, shears, heating 
and annealing furnaces and hand processes of forging. Time involved in 
production. 

Drafting Room. Standards and conventions used. Filing and marking 
of drawings and recording of patterns. Bills of material—parts to be 
made—standard parts in stock. 

General Management and Organization. Methods of recording time of 
workmen and their time distribution over on different jobs. Paying of 
men, methods, rates, forms and records used. Drawing of materials used 
from storeroom and charging to orders. 

Prerequisite course is second year shop work. 


Elevators and Conveyors. One hour. 


Mechanical Handling of Solid Materials by Standard Elevating and 
Conveying Machinery, Characteristics, Speed, Tonnage and H.P. per Ton, 
Computations and Adaptability to Special Service—Hand handling of 
materials, limits, cost and conditions warranting use of machinery. Con- 
tinuous conveyors, screw, bucket, scrapers, pusher, belt and pneumatic 
types. Intermittent conveyors; telephers, rope and cable ways, cable 
cars. Loaders, unloaders, storage facilities. Skips, grab buckets, tips 
and tipples. Short and long hoists, friction drum hoists and direct con- 
nected. Pneumatic and hydraulic elevators for freight. Fixed and travel- 
ling cranes. Passenger elevators, rope and plunger types. Safety de- 
vices. Automatic weighers of materials; coal and ore storage systems. 
Excavating machine and dredges. Coal and ore-handling machinery. 
Railroad terminal and steamship loaders and unloaders, Coke oven 
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chargers and dischargers. Grain handling. Special adaptation to ma- 

terial such as sand, plaster, glass, cement, broken rock, coal, coke, pack- 

ages, barrels, corrosive, erosive, sticky, packing, and hot materials, 
Third year Mechanical Engineering. 


Shop Processes, Tools and Time Study. Two hours. 


The Economic Elements in Shop Processes, Time and Power per Unit 
of Surface Finished or Cut and per Unit of Metal Removed with the 
Conditions for Most Economic Production—Processes in the shop, func- 
tional operation of machine tools and limits of economic production, 
time of setting, handling, forming and finishing of parts for job and 
repetition work in quantity. Limits of time, power and cost for finish- 
ing surfaces per sq. in. and removing per cu. in. and per lb. by hand and 
machine operations. Machine for performing specific operations, their 
functional operation, capacities, adaptability and rate of production. 
Conditions warranting jigs and fixtures for the production of parts in 
quantity and for interchangeability. Economy of portable tools, devices 
and methods of inspection. The selection of economic cutting conditions 
and analysis of recent experiments. Adaptation of economic cutting 
speeds to machine tools. Labor-saving devices in the pattern shop, tools 
and appliances used, capacity and adaptability; built-up patterns, single- 
piece patterns, metal patterns, comparative cost and life of each; patterns 
for repetition work, rights and lefts, a line of sizes, interchangeable pat- 
terns, jobbing patterns, relative economy of alternating practice. Eco- 
nomic production in the foundry, relative value of various methods of 
molding large and small parts, core making, venting, pouring and hand- 
ling the work, managing the cupola. Limits of labor, power and fuel 
per ton of castings as affected by size and form and fraction chargeable 
to pattern, molding and cupola and finishing. Processes of forging, 
hand and machine, conditions warranting power hammers, hydraulic 
presses, bull-dozers, presses, dies and forming devices for the production 
of duplicate and standard pieces. Labor and power per lb. of forging 
as affected by tools, size and form of work. Heating and annealing 
furnaces, consumption of gas and oil, labor, power and fuel per unit 
annealed. Distribution of cost of machine production between different 
processes, power, labor, material and effect of shop or tool capacity 
factor on fixed charges. 


Organization and Management. Three hours. 


Manufacturing Organizations and Methods of Cost Accounting—Effect 
of methods of manufacture and capacity on systems of management of 
mills and factories. Analysis of the elements of factory accounting and 
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determination of the factors entering into the cost of production. 
Methods for keeping record of the cost of labor and materials in the 
production of specific articles. The determination of establishment 
charges. Interpretation of costs and use of comparative values. Deter- 
mination of costs and use of comparative values. Determination of the 
depreciation of buildings, machinery, patterns, drawings and other assets. 
Organization and functions of the departments of the business. Pur- 
chase of raw material and sale of product. Utilization of scrap and 
waste. Methods of labor compensation. Critical analysis of the methods 
of accounting in representative factories. Factors affecting the cost of 
production. 
Fourth year Mechanical and Chemical Engineering. 


Steam Power Plant, Summer Work. 


Report based on not less than six weeks’ practical work in an Operat- 
ing Power Plant, including the Output, Load Conditions, Labor and Ma- 
terial for Operation and Maintenance, Operating Cost per Unit and the 
Essential Dimensional Relations between the Various Units and Auxil- 
iaries Producing this Result—This work is done entirely by the student 
in the field his only assistance being the blank report form which is put 
in his hands after a brief lecture on leaving the University for the 
vacation. 

Third year Mechanical Engineering. 


Reference to the catalogue of the school will serve to show 
how all the courses have been prepared with a view to that 
interrelation of subject matter so necessary to the broad and 
comprehensive treatment of engineering problems. While 
rigorous treatment of the laws of mathematics, mechanics, 
physics and chemistry obtains in the subject matter of all 
courses yet the commercial relations and limitations in which 
these laws operate are as prominently set forth for the pur- 
pose of developing that judgment so necessary to their proper 
use. The foundational principles of engineering practice as 
in the practice of law are comparatively few while their 
applications and interrelations are by no means simple nor 
permit of ready interpretation. Accordingly therefore that 
the practice of engineering may be presented from the broader 
point of view and that the economic and technological aspects 
may have their fullest meaning, there is incorporated a series 
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of courses the treatment of which is according to the system of 
‘*Case Law.’’ The limitations of human accomplishment and 
the necessity for authoritative presentation of subject matter 
required in the search for underlying fundamental principles 
have lead to the handling of such courses by men who are 
daily practicing in each of these fields of engineering service. 
The work of these special lecturers is not accompanied by any 
departure from the regular methods of instruction pursued in 
other courses and is not to be confused with the general system 
of special lectures in isolated and non-related subjects obtain- 
ing in almost all of our universities and colleges. The prin- 
ciples of economic relations intertwining these and other 
courses of a technological nature together with problems of 
purely commercial aspect are again brought together for ex- 
position and formulation in courses dealing with the use of 
materials, machinery and men in administering to the needs 
of the commonwealth. Thus there has been built that founda- 
tion upon which a proper consideration of the problems of 


production will rest and an adequate treatment has been given 
to that body of principles which in a narrow sense is popu- 
larly termed the ‘‘principles of scientific management.’’ 





THE PLACE OF THE COLLEGE IN COLLECTING 
AND CONSERVING THE DATA OF SCIEN- 
TIFIC MANAGEMENT. 


BY WILFRED LEWIS, 
President of the Tabor Mfg. Co., Philadelphia, Pa. 


By scientific management is understood that type of man- 
agement which is made to rest upon certain well-defined prin- 
ciples, in the application of which the highest efficiency in 
human labor is attainable. Mr. Taylor has laid down four 
fundamental principles of management as follows: 

The development of a true science. 

The scientific selection of the workman. 

His scientific education and development. 

Intimate friendly relations between the management and 
the men. 

These principles have been expanded by other writers into 
many more, but in their application to any given line of work, 
the development of the science leads to vast accumulations of 
data which must be classified and arranged to be available 
for immediate use when needed, and the question suggested 
by my subject is: In what way can the college be made to 
collect and conserve the data of scientific management? 

Hitherto these data have been accumulated at enormous 
expense, and their possession in the hands of different indi- 
viduals or companies has meant practically the doing of the 
same work with slight variations again and again, simply 
because there has been no common depository of the data ob- 
tained. If a true science in management is really attainable, 
there must be a common pool into which the rivulets of in- 
formation may flow, and out of which broad streams of knowl- 
edge can be drawn. The mere accumulation of data without 
intelligent classification and arrangement counts for little, 
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and this fact was borne in upon me very forcibly when, after 
great diligence in the accumulation of certain records, it 
became more expedient to make new ones than to attempt to 
find what was wanted in such a heterogeneous mass of details, 

To a certain extent the scientific selection of the workman 
can be studied in our colleges, and, by introspection, students 
can obtain very helpful suggestions as to the career best 
suited to their abilities; but the scientific education and de- 
velopment of the workman, and the intimate friendly rela- 
tions between the management and the men, when applied to 
teachers as managers and to students as workmen, takes on 
an unusual significance which may well arrest the attention 
of thinking men. 

In modern industry, to which these principles are generally 
applied, the product is some material thing, the output of 
which is to be increased for the benefit of the labor employed, 
the management which directs it, and the public which con- 
sumes it; but in the college, the product is the workman him- 
self, a living force fired with the energy of youth and full of 
promise to himself and all the world beside. The molding of 
this material for the market which awaits it, or the develop- 
ment of young men fitted for the battle of life, is surely an 
industry of preéminent importance, and it can hardly be 
doubted that the place of the college as an institution for col- 
lecting and conserving the talents of the rising generation for 
the best uses of the world depends more upon the scientific 
management it displays than upon anything else. 

I am not sure that Mr. Taylor had in mind the college as 
‘a factory for the development of men when he framed his 
four great underlying principles of management, but he has 
always contended that there were no exceptions to their appli- 
cation, and I am inclined to think the up-to-date college must 
not only be alive to the importance of scientific management, 
but it must also absorb and disseminate the principles upon 
which its own efficiency and that of its alumni can be built 
up and maintained. 

Scientific management has hitherto been considered chiefly 
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as a means for increasing the products of labor in industrial 
operations, and as such it is known to include the wage 
worker, the employer, and the consumer, in its benefits. If 
‘*he who maketh two blades of grass to grow where but one 
grew before’’ is a public benefactor, what can be said of him 
who lights the way for every worker to vastly increase his 
output and so raises the standard of living throughout the 
civilized world? 

It matters not whether the principles enunciated are new 
or old if they are made to bear fruit as living forces, and 
although scientific management is a new term for the general 
development of all industry, it is frankly admitted by its 
chief exponent to have been well established for centuries in 
certain limited fields, and the following extract from the 
‘*Meditations of Marcus Aurelius’’ shows that he was alive to 
the wastefulness of misdirected effort nearly eighteen hundred 
years ago. 


‘*They will say commonly, Meddle not with many things, if thou wilt 
live cheerfully. Certainly there is nothing better, than for a man to 
confine himself to necessary actions; to such and so many only, as 
reason in a creature that knows itself born for society, will command 
and enjoin. This will not only procure that cheerfulness, which from 
the goodness, but that also, which from the paucity of actions doth 
usually proceed. For since it is so, that most of these things, which 
we either speak or do, are unnecessary; if a man shall cut them off, it 
must needs follow that he shall thereby gain much leisure, and save 
much trouble, and therefore at every action a man must privately by 
way of admonition suggest unto himself, What? May not this that I 
now go about, be of the number of unnecessary actions? Neither must 
he use himself to cut off actions only, but thoughts and imagination 
also that are unnecessary; for so will unnecessary consequent actions 
the better be prevented and cut off.’’ 


But it remained for Mr. Taylor to prepare the way for the 
accurate determination of a fair day’s work by the scientific 
analysis of the elementary operations and the time required 
in detail. With these data properly classified and arranged, 
it is now possible to determine the time required on work 








184 DATA OF SCIENTIFIC MANAGEMENT. 


never done before, and when the elementary operations in all 
lines of industry shall have been so analyzed, classified and 
arranged, it will be possible to determine the time required 
for the performance of manual labor under any given condi- 
tion, and even mental effort to a certain extent can be so 
formulated. All labor must be resolved by analysis into its 
elementary units, and these units may then be combined for 
any desired result. The combinations to a given end may 
also vary, and the result will depend upon the skill of the 
expert who prepares the instructions which he must know to 
be practicable. These instructions are not unlike the labora- 
tory instructions given to college students when they are 
expected to do certain things in a very definite and exact 
way, and very often in a certain limited time, and it may be 
said that the laboratory method is the method of scientific 
management in the progressive workshops of to-day. It typi- 
fies the art of learning by doing, in a very definite clear-cut 
way. It does not tolerate the initiative of the unskilled, but it 
gives more freedom to those better qualified to plan and direct. 
Some of the data of scientific management were therefore col- 
lected and conserved by our colleges long before the term itself 
was coined, and if a department were formed for teaching 
the science of management, it might become the reservoir into 
which the working data of all industries might be poured for 
analysis and redistribution in a more helpful form. Such a 
department would have an important influence upon the study 
of political economy and trade unionism, and it might help 
labor to see its real interest in production rather than in the 
highest possible wages for the least amount of work. It should 
be apparent to the dullest intellect that the rewards of labor 
can not exceed the products of labor, that the producers of 
the world are its principal consumers, that high wages for a 
low product increases the cost of living, and that a large 
product adds to the general welfare of the community re- 
gardless of wages, which can not rise above their source as 
measured in the actual return of the same labor applied to 
mining the standard of value, gold. 
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All this should be apparent but it is not, because the struggle 
still goes on to get more than is to be had out of everything, 
and by innumerable strikes and lock-outs, the products avail- 
able for distribution are continually depreciated and reduced, 
to the irreparable injury of common labor, which suffers 
most from its own blind folly. In natural rights all men are 
equal, and it should be the aim of a beneficent government to 
insure equal opportunities to all. But in ability to embrace 
opportunities men will always differ, and compensation must 
be apportioned to results, if the highest efficiency is to be 
maintained and the largest product realized. The welfare of 
common labor depends, therefore, upon the welfare of skilled 
men who are not content with the same reward and naturally 
forge ahead. 

Those who cannot direct or control must follow the leader 
or come to grief, and in taking their proper places in the 
world of industry they contribute in the fullest degree to their 
own happiness and that of the community in which they live. 
The law of supply and demand, freely exercised and applied 
to individuals, can be safely trusted to distribute the rewards 
of labor more justly and more advantageously to all men than 
any of the Utopian schemes which cut out incentive and en- 
deavor to reduce the leaders of men to the ranks, because with- 
out incentive, the efforts of able men will be relaxed, and 
civilization will surely decline. So, in the mining of gold, this 
industry will not continue unless the product is at least equal 
to the outlay in salaries, wages, and fixed charges, and what 
common labor realizes in this industry can not be exceeded 
in any other industry without stopping or retarding the min- 
ing of gold upon which the maintenance of high wages 
depends. The matter of wages is therefore under automatic 
control, and since it does not affect the welfare of common 
labor so much as the total output in which labor participates, 
the main interest of labor clearly lies in the cause of efficiency. 
But how long will it be before this is recognized by the rank 
and file, and have we not in the philosophy of scientific man- 
agement another field for the activities of college men? Effici- 
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ency suffers for want of expounders, and a vast amount of 
energy is misdirected by unworthy leaders to mischievous 
ends. When properly understood and applied there is no 
conflict between capital and labor under scientific manage- 
ment, and capital is recognized as a factor equal in importance 
to labor itself, without which the condition of labor would 
indeed be discouraging. On the other hand, the concentra- 
tion of fabulous wealth in a few hands, when heralded as it 

is in the newspapers and flaunted in the eyes of the desperately 
poor, cannot fail to cause discontent with mutterings of resent- 
ment and threats of violence and revolution. And while it is 
true that prosperity depends upon the energy born of ambi- 
tion, the time will surely come when the conditions which 
permit such monstrous accumulations will no longer exist, and 
by the operation of beneficent laws, predatory wealth will 

be automatically returned to the community from which it 
was drawn. This can be done in such a way as to impose no 
obstacle to the realization of any reasonable ambition, and 
yet to make the acquisition of unlimited wealth attended by 
increasing difficulties. The data of scientific management 
would then be applied to the functions of government, as well 
as to ways and means for the accumulation and distribution 
of wealth, and there is really no limit to its fruitful possi- 
bilities. 

I conceive it to be the function of colleges to collect and 
conserve the data of the sciences which they undertake to 

_ teach, and if scientific management is to be one of them, the 
data upon which it rests should be included. 

’ In my own business, this data consists, roughly speaking, 
of certain elements which have been arranged in the form of a 
chart beginning with the charges for general expense divided 
into auxiliary, business, and manufacturing, followed by 
classifications for stores, worked materials, tools, machine 
tools, and materials. These classifications are subdivided and 
their subdivisions are again and again divided until we finally 
arrive at our slide rules for machine time and tabulated 
records for the determination of handling time. The former 
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apply especially to the particular tools and machines in actual 
use, and the latter to information more general in character 
which would be applicable to machine shops anywhere. It 
may be impracticable to collect and conserve for general use 
the data for slide rules or the slide rules themselves designed 
especially for certain machines. This might be done by the 
machine tool builders, and the results obtained might or might 
not be their best selling arguments. The handling time, how- 
ever, is of more general application, and some clearing house 
should be provided for its reception and distribution to avoid 
the expense consequent upon the repetition of this work by 
independent investigators. 

I had thought at one time of the college as the natural 
depository and distributor of this information, and for this 
reason I believe my subject was assigned, but we now have 
engineering societies, some devoted in part to scientific man- 
agement, others to it exclusively, and this Society for the Pro- 
motion of Engineering Education, any one of which might 
act as custodian for the data of scientific management, and 
with all these avenues open to those interested in the results, 
it seems to me that the subject belongs more particularly to 
the Society to Promote the Science of Management than to 
any other, and that the place of the college is to participate in 
the results and lend itself as far as possible to the development 
of a true science from the data obtained. Its help is also 
needed in the art of teaching, for under scientific management 
every plant of whatever description becomes in effect a trade 
school where unskilled labor is trained and directed to a 
broader and better sphere of usefulness. The acquisition of 
knowledge is one thing, and the art of imparting it to others 
is necessarily in the hands of men who have never been trained 
as teachers. College methods could therefore be studied to 
advantage by scientific managers, and the mutual interchange 
of ideas and experiences between managers and teachers could 
hardly fail to be of great benefit to both. 

















